Some of the sickling hmmoglobinopathies may greatly increase the dangers of anmsthesia. The relevant literature has recently been reviewed and case reports were presented (Gilbertson 1965) .
The present paper describes the factors which influence the management of anmsthesia in 'sicklers', and the available methods for the preoperative correction of anaemia due to sickling and the maintenance of an alkaline regime during anesthesia are discussed.
Sickle cell states are hereditary conditions in which the erythrocytes assume distorted ('sickle') shapes when they are exposed to low oxygen tensions. The distortion is due to the precipitation within the erythrocyte of crystals or tactoids of the abnormal hxemoglobin, haemoglobin S, which is extremely insoluble in the reduced form. There are more than twenty other abnormal h2moglobins known by different letters of the alphabet but only hemoglobin S shows this remarkable insolubility on reduction and hence causes sickling.
Hemoglobin S is formed due to the influence of a dominant gene which may be inherited in one of three ways (Fig 1) (1) It may be inherited from both parents, in which case only hemoglobin S (plus a little foetal hemoglobin F) will be found in those progeny who are of genotype SS; they will suffer from classical sickle cell anemia. This is a severe disease with a high mortality in childhood, in which anmsthesia may be dangerous.
(2) Hemoglobin S may be inherited from one parent, the other parent contributing a gene for the inheritance of normal hemoglobinhmmoglobin A. The erythrocytes of this propositus will contain both hemoglobin A (usually more than 50 % of the total) and hemoglobin S, being said to carry the 'sickling trait'. These red cells will not sickle until the oxygen tension is reduced below that found normally in the body; the 'sickle cell trait' is asymptomatic except in conditions of abnormal hypoxia.
(3) Hemoglobin S may be inherited from one parent and the gene responsible for the formation of another abnormal hemoglobin may come from the other parent. The other hmmoglobin may be C, which is very common in Ghana and Upper Volta; hemoglobins D, E, N and J have also been found in combination with hoemoglobin S. These mixed sickling hemoglobinopathies are usually asymptomatic and of no importance in anesthesia. Hxemoglobin SC disease, however, produces similar effects to sickle cell anemia but is usually less severe, although it can occasionally be fatal and may complicate anesthesia. The combination of the thalassemia gene (which suppresses hkemoglobin A) with the sickling gene occurs occasionally. If the suppression of hemoglobin A is complete, sickle cell thalassxvmia may be clinically indistinguishable from sickle cell anemia.
Pathological Results ofSickling
The pathological results of sickling are best illustrated by a description of sickle cell aneemia.
Sickle cell anemia is characterized by a chronic hemolytic anamia on which are superimposed acute 'crises'. The chronic haemolytic anaemia is caused by the erythrocytes in the homozygous condition containing so much hemoglobin S that they sickle at the lower end of the physiological range of oxygen tensions and there are always some sickled forms in the venous blood. Sickled cells are vulnerable to destruction by the phagocytes of the spleen and reticulo-endothelial system which treat them as damaged cells. This short life-expectancy of the erythrocytes is partly balanced by active erythropoiesis by the bone marrow; this compensation is incomplete and the hemoglobin level, between crises, is usually between 5 and 8 g/100 ml. The crises of sickle cell anemia are of two types: 'haematological' crises due to an exacerbation of anemia and 'painful' crises due probably to a temporary or permanent vascular occlusion.
Hwmatological Crises Sequestration type: Any situation causing a great increase in the number of sickled cells in the blood, e.g. a hypoxic episode or venous desaturation during a period of high oxygen requirement, may lead to huge numbers of erythrocytes being trapped by the spleen and other organs of the reticulo-endothelial system, leaving a severe, perhaps fatal, deficiency of red cells in the circulating blood. This sequestration syndrome is responsible for many deaths in the post-partum period, bothin sickle cell anemia and hemoglobin SC disease.
Hwmolytic type: A more gradual increase in the number of sickled cells destroyed by the reticuloendothelial system will result in an exacerbation of the hmmolytic anaemiaa so-called hTmolytic crisis.
Aplastic type: Occasionally, for reasons which are not understood, the marrow suddenly enters an aplastic phase: the short life span of the erythrocytes already in the peripheral circulation combined with the cessation of erythropoiesis results in a precipitous fall in haemoglobin level. Sudden exhaustion of the supply of folic acid may be a precipitating factor.
Painful Crises
In any part of the body in which the circulation is sluggish and the oxygen tension of the blood is low, the proportion of erythrocytes in the sickled form will increase. These sickled cells will then increase the viscosity of the blood, aggravating the stasis because, at a given hematocrit, blood containing sickled cells is more viscous than normal blood. If complete vascular occlusion results, it may be permanent or, if the sludge of sickled cells is dispersed by vasodilatation, temporary. In the latter case the patient will suffer pain, usually in the limbs or abdomen, malaise and pyrexia. This is the typical painful crisis. If the sludge is bound by clotted plasma into a permanent thrombus, then local infarction and possibly emboli will occur. As these vascular occlusive changes may happen in any part of the body, the manifestations of sickle cell anemia are protean and many diseases may be mimicked. Of particular interest to anesthetists is the ability of sickle cell anemia to mimic an 'acute abdomen', presumably by transient mesenteric vascular occlusion: many unnecessary laparotomies have resulted from misdiagnosed sickling crises and have often resulted in the patient's death.
The lethal potential of sickle cell anaemia varies in different parts of the world; the incidence of other debilitating diseases and the nutritional standard are probably important factors. In West Africa the incidence of sickle cell anemia is about 1-2 % of the babies born (20-30% carry the trait) and about 80% of homozygotes die before their second birthday. In the West Indies the survival rate is higher but even in the United States, where conditions would be expected to be favourable, of 64 cases diagnosed in the first year of life, 10 died before the first birthday.
However, there is no doubt that adequate medical care and a sheltered life can increase the survival rate in these children and the severity of the disease diminishes in surviving adults, except perhaps during pregnancy and the post-partum period.
Section ofAnaesthetics
Pathology of Other (Heterozygous) Sickling States Sickle cell trait: The proportion of hemoglobin S is low and sickling rarely occurs in vivo. It is usually asymptomatic except in conditions of exceptional hypoxia and has not been proved to be dangerous during anmsthesia if normal oxygenation is maintained.
Hwemoglobin SC disease: The frequency and severity of painful crises and hamolytic crises in this condition is very variable; between crises the haemoglobin level may be normal. The maternal mortality in pregnancy may be as high as 10%, however, and recently fatal crises in non-pregnant adults have been attributed to SC disease (Onuaguluchi & Akande 1966) .
Dangers ofAnwsthesia
In sickle cell anemia there is always the problem of anesthetizing a patient whose hxemoglobin level is unlikely to be above 8 g/l00 ml, who will probably have an anemic myocardium and possibly dysfunction of other systems due to multiple infarctions. Anesthesia may itself provoke fatal vascular occlusive or haematological crises. The danger of anesthesia is probably greatest during childhood or pregnancy and during hypermetabolic or hypoxic illnesses. Brown (1965) has shown that, by timing the operation to coincide with a period of maximum erythropoiesis and minimal hmemolysis, in some cases the risk may be minimal but, in less favourable circumstances, the risk of anmesthesia is indubitably high.
In hemoglobin SC disease there have been several reports of thrombotic episodes due to anesthesia or to very minor degrees of hypoxia due to air travel. It would seem prudent to protect these patients with the alkali regime described below and to regard them as particularly vulnerable to hypoxia; except where anesthesia is necessary during a hematological crisis, the problem of management of anemia will not arise.
Sickle cell trait and the other sickling hxemoglobinopathies do not normally affect anesthesia.
Diagnosis ofSickling States
All negroes should have a sickling test before anesthesia.
The test for hemoglobin S consists of incubating a drop of blood for twenty minutes with the reducing agent sodium metabisulphite; this will cause the cells of either homozygotes or heterozygotes to sickle. As it is important to know whether one is dealing with a homozygote or hemoglobin SC disease or one of the less important heterozygous sickling states, a positive sickling test should be followed by electrophoretic identification of the hmmoglobins and, where appropriate, a reticulocyte count (as an index of erythropoietic activity) and serum bilirubin estimation.
MANAGEMENT OF ANAESTHESIA IN PATIENTS WITH SICKLE CELL ANAEMIA
This may be considered under the following headings:
(1) Pre-operative treatment of the anamia where necessary, including prophylactic folic acid therapy.
(2) Elimination of infection, particularly malaria, pulmonary infections and salmonellk.
(3) Avoidance of factors known to predispose to sickling during anesthesia.
(4) The treatment of a crisis, should it occur in spite of the above precautions.
The Anemia For elective surgery it may be possible to delay the operation until the hemoglobin level is high, erythropoiesis is active and hemolysis minimal; however, this favourable situation may occur rarely, if ever, in some patients.
The operation may be urgent and it may be necessary to consider anesthesia in a severely anlemic patient. The only effective treatment for the anemia due to uncomplicated sickle disease is blood transfusion, but blood transfusion is believed to be associated with an increased incidence of adverse reactions in sickle cell anemia. Various arbitrary hemoglobin levels have been set, above which transfusion is not thought to be justified: Brown (1965) has indicated that 8 g/100 ml is a reasonable level in Jamaicans but Herbert & Hammond (1963) have adopted 10 g Hb/100 ml blood as the minimum level for safe antsthesia for children.
If transfusion is necessary, exchange transfusion is recommended, the method used depending on the urgency of the operation. Herbert & Hammond's method does not involve any removal of the patient's blood. 'Packed cells' are transfused at the rate of 11 ml/kg every twelve hours until the hemoglobin level is raised to 14-15 g/100 ml; this may take three or four days. The patient's marrow will react to this high hemoglobin level by becoming aplastic and continued daily transfusion is necessary to maintain the hxemoglobin level as the patient's short-lived cells are destroyed. After ten days nearly all the patient's own erythrocytes have disappeared and only 10% of hemoglobin S will remain. If ten days is too long to delay the operation, the hemoglobin S content can be reduced to 40 % in four days by this method. If immediate operation is necessary in a severely anemic patient an ex-change transfusion may be done by transfusing packed cells into one arm and removing blood, as in a blood donation, from the other (Cutting & Marlow 1966) . I have seen no reports of this method used in sickle cell anemia, although it has been used extensively in other severe anemias. It would seem to offer a rapid means of reducing the hemoglobin S level and increasing the total hemoglobin level. Fig 2 illustrates the calculated increase in hamoglobin level produced by exchange transfusion of packed cells and the decrease in the proportion of haemoglobin S. It will be seen that an exchange transfusion of 12 ml packed cells per kg body-weight will achieve safe total htmoglobin levels if the initial h2emoglobin is above 6 g/100 ml and that 24 ml packed cells per kg body-weight will raise the htmoglobin above 9 g/100 ml from any level likely to be encountered in practice and will usually reduce the hmmoglobin S levels to below 50 %.
It is standard practice to administer folic acid as prophylaxis against superimposed megaloblastic anmmia. This precaution is necessary in sickle cell anemia and has recently been advised in hemoglobin SC disease (Onuaguluchi & Akande 1966) .
Pre-operative Elimination ofInfection
Sickling crises are frequently initiated by febrile illnesses which should therefore be vigorously treated. Infections by salmonellee appear to be particularly dangerous in this respect. Pulmonary infections cause sickling due to hypoxia, even in heterozygotes. Surgery is often followed by a severe attack of malaria, and antimalarial prophyllaxis and treatment are particularly important in sicklers.
Factors Known to Predispose to Sickling during Anesthesia Hypoxia, leading to reduction of the hemoglobin S, is always the basic cause of sickling and must obviously be scrupulously avoided. Dental antsthesia in the chair using unsupplemented nitrous oxide and oxygen is contraindicated in people who may be 'sicklers' (Farman 1960) ; respiratory depression by ill-chosen premedication may be dangerous. Nunn & Payne (1962) and Conway & Payne (1964) have indicated that at least 30% of oxygen should be given during anmsthesia if a normal Po2 is to be assured and that oxygen should be administered for twenty-four hours post-operatively to guard against post-operative hypoxia. The reduction in oxygen tension demonstrated by these workers has been shown to be sufficient to cause sickling crises in patients with Circulatory stasis: Stasis leads to reduced oxygen tension, starting a vicious circle in which the reduced oxygen tension causes the blood in the stagnant area to sickle, thus increasing its viscosity and leading to more stasis. Stasis may be caused by careless positioning of the patient on the table and the aneesthetist must be particularly careful about this, especially the legs. A more difficult problem is whether one should permit complete circulatory stasis in a limb by means of a tourniquet: a large proportion of surgery in African hospitals is for trauma and tourniquets are frequently requested by the orthop2dic surgeons. Rather surprisingly, it has been found in practice that as long as the limb is first carefully exsanguinated, the application of tourniquets is not dangerous, even in sickle cell anamia.
Cooling: The blood in the superficial veins in the legs has been found to be as cold as 30°C. At this temperature both normal and sickled blood is 30% more viscous than at 37°C. In practice, ischmmic ulceration of the skin of the legs is common in sickle cell states and crises are provoked by cold bathing, &c. The operating theatre should not, therefore, be too efficiently air conditioned and excessive cooling of the patient should be prevented. This is particularly applicable to children, who lose heat quickly. Acidosis: Greenberg & Kass (1958) showed that alkalosis increases the resistance to hypoxia of erythrocytes containing hiemoglobin S and that a crisis could be provoked by an acidosis. A prophylactic alkali regime is, therefore, recommended to reduce the incidence of sickling during anmesthesia. It should probably be used in all cases of sickle cell anemia and hemoglobin SC disease. It does not appear to be necessary in sickle cell trait.
Where oral therapy is possible, tablets of sodium bicarbonate 0 5-1 g/kg/day are suitable for children, or 1 gram t.d.s. for an adult. The urine should be kept alkaline. By intravenous infusion, 3X3 mEq/kg should be given in the first hour. The dosage after this will depend on the renal function of the individual patient and on other intravenous therapy; 100 mEq will usually keep the urine alkaline for six to twelve hours. It may be that an alkaline regime should be continued indefinitely in sickle cell anemia patients (Nwokolo 1960) . Treatment ofa Sickling Crisis For the painful, or occlusive, crisis, analgesics, vasodilators and local heat are used. The use of magnesium sulphate has been suggested as it is a mild vasodilator and anticoagulant. In the postpartum period, Fullerton & Watson-Williams (1962) have shown that if a patient complains of bone pains within three days of delivery, she should be heparinized to prevent fatal marrow embolism in the lungs. They showed this to be a common cause of death in hlmoglobin SC disease.
In a hematological crisis, the hemoglobin may fall with extreme rapidity. Transfusion is required if it falls below 30%.
Conclusion
Because of the large number of Africans and West Indians in this country, we should be aware of this problem and test for sickling before anmsthetizing negroes. There are many hundreds of sicklers living in Britain; the vast majority are heterozygotes (AS) but, with careful treatment, more homozygotes are going to survive infancy, travel abroad from their home countries and find their way on to our operating lists. Here we train many anwsthetists who subsequently practise in Africa, the West Indies, &c. They will find their education sadly lacking if they have not been taught about sickling. I hope that some of them may carefully record their experience and help to clarify the rather vague picture we have at present of the dangers of anesthesia in sickling states and the value of the methods available to minimize them.
